INTRODUCTION
The presence of distributed generations (DGs) into the power systems, along their advantages, have some disadvantages such as increased short circuit level, reduced power quality, unitentional islanding, etc. The unitentional islanding is one of the serious hazards of DGs' application. When the islanding occurs, the power system loads are only energized by the DG units while the main grid is detached. Islanding operation has some technical problems and hazards such as line worker safety, reduced power quality, failure protection and so forth. According to the mentioned hazards of the islanding operation, IEEE 1547 standard emphasizes that, it is very serious to detect the islanding status and isolate the DG units from the main network within two seconds [1] [2] . Islanding detection methods, which have been introduced by researchers, include two groups of remote and local methods. The remote methods operate based on a communication between the DG units and the main network. These methods are not affected by power mismatch conditions; However, their application is quite uneconomical. Local methods include three groups of passive, active, and hybrid methods [2] .
In passive methods, the islanding is detected by measuring the magnitude change of different electrical parameters at the DG connection point and then their maximum change value are compared to the predetermined threshold values. These methods do not have any negative impact on normal condition of the power system. However, they have non-detectable zone for power match of active and reactive powers. Some of these methods include: frequency relay, voltage relay, rate of change of frequency (ROCOF) relay, rate of change of phase angle difference (ROCPAD) relay, rate of change of impedance, rate of change of sequence components of current, single-phase operating circuit breaker, inverse hyperbolic secant function, system identification, rate of change of frequency over reactive power, voltage phase angle, feature extractions from differential transient rate of change of frequency, and use of multi features to reduce non-detection zone (NDZ) of vector surge relay, rate of change of negative sequence voltage and current [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
In active methods, the islanding can be detected by the power systems reaction to the intentional applied disturbances. Thus, by comparing the magnitude change of various electrical parameters with the predetermined threshold values, the islanding can be detected. The active methods are more effective than the passive methods, but, they reduce the power quality. Some of these methods includes: high-frequency signal injection, reactive power control, negative-sequence current injection, active ROCOF relay, and second harmonic drifting, active current disturbance [17] [18] [19] [20] [21] [22] .
According to the disadvantages of the each mentioned methods, both could not be solely effective. So, recently, the hybrid methods, which consist of combination of the passive and the active methods, are introduced. Some of these methods includes: average rate of voltage change and real power shift, rate of change of reactive power and load connection strategy, the ROCOV and ROCORP with capacitor connection, and load shedding method [23] [24] [25] [26] . This paper presents a new hybrid passive islanding detection method based on rate of change of positive sequence of voltage (RCPSV) and rate of change of positive sequence of current (RCPSC) signals, which are acquired at the point of common coupling (PCC) of the targeted DG. All conditions can be detected by comparing the RCPSV and RCPSC parameters with their threshold values. In fact, if both values of the RCPSC and the RCPSV exceed the predetermined threshold values, it can be concluded that the islanding operation has occurred. Otherwise, it is considered as the nonislanding event. The proposed method can rapidly and accurately detect the islanding condition even with zero NDZ value.
The rest of this paper is organized as follows. Part II includes the proposed methodology. Part III describes the case study system. Part IV presents the simulation results. In Part V, a conclusion of this paper is given.
II. THE PROPOSED METHODOLOGY

A. Flowchart of the Proposed Method
According to Fig. 1 , which shows schematic diagram of detection process, the current and the voltage are measured at the PCC. Then, phasor quantities of the current and the voltage are converted into the positive sequence components. So, the rate of change of positive sequence of voltage (RCPSV) and the rate of change of positive sequence of current (RCPSC) are calculated. When the 0 RCPSC ≠ and 0 RCPSV ≠ are detected, the values of RCPSC and RCPSV are continuously compared to the predetermined threshold values of set1 and set2, respectively. If both values of RCPSC and RCPSV are more than the predetermined threshold values, it is concluded that the islanding has occurred. Otherwise, if each sample value of the RCPSC or the RCPSV becomes less than the predetermined threshold values, it is considered as the non-islanding condition. Both threshold values of set1 and set2 are adjusted to 0.2p.u/sec. Flowchart of the proposed method is presented in Fig. 2 .
B. Mthematical Principle of the Proposed Method
Positive sequence components are given by (1) and (2). At the PCC, the voltage is 'VPCC' before the islanding occurrence. However, after the islanding, the voltage at the PCC changes to '
'. According to Fig. 1, before the islanding, the load current is given by (3) .
where ZL is the value of load impedance.
After the islanding detection, the load current is expressed by (4) .
As a result, after the islanding, the phase currents Ia, Ib and Ic change to 
The value of dv+/dt and di+/dt during the islanding condition are given in (7) and (8) .
According to (9) and (10) 
{ }
where n is number of sampling during monitor time. 
III. CASE STUDY SYSTEM
The single line diagram of the case study system is shown in Fig. 3 , and its parameters are presented in Table I . Fig. 3 . The simulated power system.
IV. SIMULATION RESULTS
A. Islanding occurrence scenario
The islanding detection method may be seriously affected by the NDZ of active and reactive powers. In fact, for the islanding occurrence with small power mismatch, the power system parameter changes are very small. Therefore, the detection method will not be probably able to detect the islanding condition. Therefore, to assess the effectiveness of the proposed method, various power mismatches of active and reactive powers from 0% to 70% are taken into account. The RCPSV and RCPSC variations for the islanding occurrence are shown in Fig. 4 . As it is clear, for three cases of the islanding occurrence, dv+/dt and di+/dt exceed set1 and set2, respectively. Consequently, all these cases are accurately classified as the islanding events. The methods in [3] [4] [5] have false detection for the perfect power match condition, and the islanding condition is not detected. While, by the proposed method of this paper, the islanding occurrence is detected even for the perfect power match condition.
B. Short-circuit fault occurrence scenario
When a short circuit fault occurs, the islanding detection method may be affected. In this section, the proposed method is evaluated for various short circuit faults including singlephase, double-phase and three-phase faults. The RCPSV and RCPSC variations of the short-circuit fault conditions are shown in Fig. 5 . It is shown that for three-phase and doublephase faults, dv+/dt is more than set1 but di+/dt for both fault conditions is less than set2. However, for single phase fault, dv+/dt and di+/dt are less than set1 and set2, respectively. Therefore, all these tests are correctly detected as nonislanding events. The studied method in [7] has false detection for three-phase fault at the adjacent feeder. Then, the threephase fault cannot be distinguished from the islanding condition. While, in this paper, the proposed method accurately distinguishes all short-circuit faults from the islanding condition. 
C. Capacitor switching scenario
Capacitors, which are connected in parallel to the power system, are commonly utilized for power factor correction, voltage sag compensation and etc. In instant of capacitor switching, the electrical parameters of the power system change, which may lead to the false detection. In this section, the proposed method is evaluated for capacitor switching with different capacities. The RCPSV and the RCPSC variations of switching events are shown in Fig. 6 . It can be seen that for all these case studies, dv+/dt exceeds set1, however di+/dt is less than set2. Therefore, all these cases are correctly detected.
D. Motor switching scenario
In instant of motor switching, both connecting/disconnecting states, the electrical parameters of the power system change, which may lead to interference in the DGs' anti-islanding protection. Therefore, in this section, the performance of proposed method is assessed for the induction motor switching. These tests show that how the proposed method distinguishes the induction motor switching events from the islanding occurrence. The RCPSV and the RCPSC variations during the induction motor switching are shown in Fig. 7 . As it is obvious, for two power levels of the induction motor, dv+/dt is less than set1 but di+/dt for both states is more than set2. As a result, the wrong detection of di+/dt is avoided by dv+/dt. In fact, all these conditions are correctly detected as the non-islanding events.
The proposed method in [8] may lead to false detection for motor switching. While, the proposed method of this paper is correctly identified the induction motor switching.
A. Load switching scenario
One of disturbances, which some of the islanding detection methods probably operate wrong, are load switching conditions. In this section, the performance of the proposed method is taken into account for the load switching with different power levels. These case studies prove that how the proposed method identifies the difference between the load switching events and the islanding condition. The RCPSV and the RCPSC variations of the switching events are shown in Fig. 8 . It can be seen that for both cases of the load changing, dv+/dt and di+/dt are less than set1 and set2, respectively. Therefore, all load switching states are correctly classified as non-islanding events.
The proposed method in [24] has a high sensitivity even for nominal loading changes, which may lead to a false detection. While, the proposed approach of this paper is quite robust for the load changing. 
V. CONCLUSION
This paper presents a new hybrid islanding detection method based on the rate of change of positive sequence of voltage (RCPSV) and the rate of change of positive sequence of current (RCPSC). The islanding conditions could be detected by comparing the RCPSV and the RCPSC with their predetermined threshold values. The performance of the proposed method is investigated on a sample network in the presence of doubly fed induction generator based wind turbine (DFIG) and synchronous diesel generator DGs. The simulation results prove that the proposed method can easily distinguish all the non-islanding events including short circuit fault condition, capacitor switching, induction motor switching and load switching from the islanding situation. Meanwhile, the proposed hybrid method is capable to rapidly and accurately detect the islanding condition even with zero NDZ. In fact, it completely eliminates the non-detection zone.
